A NUMBER of reports on normal ranges of corrected orthogonal electrocardiographic measurements have appeared in the literature.'-12 They were derived, however, from limited numbers of subjects and the types of electrocardiographic and vectorcardiographic measurements varied largely from one study to another. The reported results are therefore not always strictly comparable. In spite of these limitations, a striking similarity in results was found, together with a significant decrease in size of normal ranges as compared to conventional vectorcardiographic systems. Both these features can be attributed to the lead corrections used, which reduce markedly interindividual variations in effective electrical lead direction and lead strength. ' 
Materials and Methods
Records were taken from 510 "normal' male subjects who had been admitted to the Veterans Administration Hospitals, Washington, D.C., or West Roxbury, Massachusetts, for reasons other than cardiovascular disease. Selection of cases was based on a complete history, physical examination, and routine laboratory data. The majority had also chest x-rays and 12-lead electrocardiograms. Subjects with heart rates outside the range of 60 to 100 per minute or with electrocardiographic evidence of ventricular conduction defects were excluded. The age and race distribution is shown in figure 1.
Frank's lead system 15 was used, with electrodes placed in the fourth intercostal space as recommended for patients in the supine position. 20 The three orthogonal leads were recorded simultaneously on frequency modulated magnetic tape. Subsequently, they were digitized at a sampling rate of 1,000 per second for each lead. An IBM 7094 digital computer was used for further data processing and analysis. Details of the computational procedures have been reported previously. [21] [22] [23] Measurements from scalar leads X, Y, and Z included amplitudes and durations of P, Q, R, S, and T waves. The beginning of the T wave was omitted because of the gradual transition from the ST segment to the T wave. more, amplitude ratios were determined for Q/R, R/S, and R/T. For the P wave the TP segment was used as baseline. For all QRS measurements the PR segment served as baseline at the level of the first deflection of the QRS complex.24 Durations of waves were determined in the following manner. At first a search was made for the first deflection in any one of the t-hree simultaneously recorded leads. This point indicated the beginning of the wave or complex. The last deflection in any one of the leads was used as end-point. By this method measurements differ somewhat from those derived from single leads. 25 Maximal vectors for P, QRS, and T were determined in space and in the three commonly used plane projections, frontal, left sagittal, and horizontal. Since amplitude measurements depend upon projection planes, these maximal vectors are not necessarily identical in all planes. The reference frame for angular measurements is shown in figure 2 .
Amplitude and direction of instantaneous vectors were determined at fixed time intervals of 0.01 second during QRS and 0.02 second intervals during the ST segment. Five such vectors were taken after the QRS onset up to 0.05 second. A similar series of five was determined for the terminal part of QRS beginning at the end and progressing in retrograde fashion.
Such absolute time measurements may lead either to a gap or an overlap in the middle of Circulation, Volume XXX, December 1964 QRS because of interindividual variability in QRS duration.26 In order to improve comparability of instantaneous vectors between different subjects the QRS duration was also normalized in time by dividing it into eight equal parts. An instantaneous vector was determined after each eighth. The same time normalization was used for the ST segment and T wave. The interval between the end of QRS and end of T was divided in time into eight equal parts for obtaining an instantaneous vector after each eighth ( fig. 3 ).
Time integrals for the scalar leads X, Y, and Z were determined by measuring areas of electrocardiographic complexes above and below the baseline and subtracting the negative from the positive ones. The P wave was included in the time integrals because the atrial gradient is believed to be zero or nearly SO. 27 The time integrals of the three orthogonal leads were added vectorially to obtain a spatial vector for QRS (SA QRS) and T (SAT). The sum of these two vectors represents the well-known ventricular gradient vector (SVO).
The QRS-T angle was obtained from the described time integrals. Angles were measured in space and in three plane projections. 28, 29 were determined for P, QRS, and T loops. The polar vector is given by an axis perpendicular to the largest projection of a vector loop, also called its "broadside" projection. The magnitude of this vector corresponds to the area of the loop in this projection. The polar vector direction is such that it points away from the projection when the loop rotation is counterclockwise.
Polar vectors and Eigenvectors
The polar vector represents one axis of an orthogonal reference frame which is based on the spatial orientation of the loop. This new orthogonal reference frame becomes, therefore, independent of the spatial loop orientation, which may differ from one subject to another. A second vector in this reference frame gives an indication of the length and a third of the width of the loop. All three are designated Eigenvectors, the polar vector representing one of the three. They are obtained by use of a mean least square fitting procedure as shown in figure 4.21 23 Ratios between Eigenvectors give an indication of loop configuration, i.e., the relationships between length, width, and planarity of the loops.
Results
Results of the present study are shown in tables 1 Measurements of P, Durations, amplitudes, and amplitude ratios of the scalar leads X, Y, and Z are shown in table 1. For wave durations it has to be realized that the beginning and end of the entire QRS complex are taken as reference points as described above. A Q wave in lead X does not necessarily begin at the same time as the Q wave in lead Y or vice versa. The earliest deflection in any one of the three leads indicates not only the beginning of QRS but also the beginning of the first wave in each of the leads, The duration of the R wave was obtained by subtraction of Qand S-wave durations from the total QRS duration. Measurements of P, QRS, and QT interval durations shown in table 2 were obtained in the same manner; i.e., the first and last deflections in any one of the leads indicated onset and end of these waves or intervals. Table 3 shows amplitude and direction of maximal P, QRS, and T vectors in three plane projections and in space. The spatial orientation is based on the reference frame shown in figure 2 . figure 5 . Table 10 shows the spatial orientation of whether the loop is long and narrow, broad and short, etc. Similar ratios for a smaller group of normal subjects have been reported previously.30 In contrast to this study, however, the longest Eigenvector does not necessarily pass through point £ of the loop due to the method of computation shown in figure 4 . Discussion The difficulties in selecting a "normal" sample from the general population are well known. In any such sample certain limitations have to be taken into account. This is particularly true when the age range of the sample extends to the ninth decade as in the present study. In this as in most other investigations of this type "normal" means essentially free from overt heart disease past or present. Complete exclusion of cardiovascular pathology particularly in the older age groups, is impossible for obvious practical reasons. As long as the limitations of such "normal" samples are kept in mind the practical usefulness of normal standards will outweigh obvious shortcomings.
In the present study great care was taken to exclude subjects with diseases which frequently predispose to cardiovascular disease. Cases with diabetes mellitus, pulmonary disease, renal disease, hypertension, anemia, collagen vascular disease, or any other type of peripheral vascular disease were not included.
The present series of subjects was limited
Eigenvectors A, B, and C Item The polar vector is identical with Eigenvector c. The ratios between Eigenvectors give an estimate of the planarity of the loop and its configuration. The magnitude of the polar vector is based on the area of the loop in its "broadside" projection. A multiplication constant was used for P and T because of their small magnitude. For method of determination see figure 4 and text. to men only. Simonson,3' who has carefully evaluated sex differences in the 12-lead electrocardiogram, found discrepancies in amplitude of precordial leads most significant. R/S ratios were found similar for both sexes, however, which would indicate an over-all reduction in amplitude of the electrocardiogram of the normal women. Transition zones in the precordium did not differ significantly, which suggests essential similarities in QRS orientation. PR intervals and QRS durations were found, generally, to be shorter in women; this was attributed to the smaller heart size. 3' In a previous study from this laboratory a mixed normal sample of male and female subjects was used.'8 When the data were separated according to sex, no statistically significant differences were found. This comparison needs to be corroborated, however, in larger samples. Correlations between normal electrocardiographic data and different age groups, race, and body habitus will be reported separately.
The primary goal in establishing normal ranges is the separation of normal from abnormal. Corrected orthogonal lead systems represent a significant improvement for diagnostic differentiation. The marked decrease in size of normal ranges, as compared to those obtained from conventional bipolar and unipolar leads, could be confirmed again in the present study based on a much larger sample of normal subjects. This decrease in size of normal ranges is one of the main reasons why the separation between normal and abnormal electrocardiographic records appears significantly enhanced when corrected orthogonal rather than conventional leads are applied.23 32 Another finding in the present series was the striking similarity of results with those reported previously.1-12 Discrepancies were due mainly to differences in methods of measurement. This was particularly obvious for instantaneous vectors. These can be identified only with great difficulty in vector loop displays. Part of the QRS loop is frequently hidden by P or T loops or it may not be represented at all when a portion of QRS happens to be perpendicular to a given plane projec Schmitt' s SVEC III lead system had been used, whereas Frank's system was used in the present study. These are for all practical purposes interchangeable for vector directions but a conversion constant has to be used for amplitude data. '8' 19 A further difference between previous studies and the present one is the application of a digital computer for all electrocardiographic measurements. The computational procedures did not seem to lead to any appreciable differences in results.
One notable discrepancy in results was found in the duration of S waves in leads X and Y. These were found longer in the present study by a mean difference of 13 and 12 milliseconds, respectively. Since the end of the total QRS complex was used as end-point for all S waves the discrepancy can be explained by the different method of measurement. In most QRS complexes lead Z is found longer than X and Y, which leads to longer S durations in X and Y. The range for total QRS durations was practically identical in both studies, which rules out cmputational errors in the determination of the end of QRS.
Particular emphasis was put on detailed measurements of instantaneous vectors of QRS, ST, and T. In a previous study it could Circulation, Volume XXX, December 1964 be shown that series of instantaneous vectors contain most of the diagnostic electrocardiographic information.23 A novel method for the determination of instantaneous vectors was used. The QRS complex, ST segment, and T wave were normalized in time. This was done in order to eliminate the interindividual variability in duration of these electrocardiographic components. When instantaneous QRS vectors are determined at fixed time intervals of 0.01 second, for instance, the terminal vectors are not strictly comparable because total QRS duration may vary from one subject to another. Another method for achieving better data comparability consists of absolute time measurements from both ends of QRS. A series of five instantaneous vectors taken from both QRS onset and end converges toward the middle. This procedure leads, however, either to an overlap or a gap in the middle as was shown previously. 26 
